The study was conducted to develop the vector representation ability test items for senior high school students and obtain Item Curve Characteristics (ICC). Grid test instruments are arranged based on competencies and vector representation indicators which are then used to compile items. The test instrument consists of five question items related to vector representation which includes drawing vectors, determining the magnitude and direction of vectors and performing vector operations. The validated instrument was piloted in 296 students from three schools in Batang Regency, Central Java. Politomus data were analyzed using the QUEST program for classical analysis and PARSCALE 4 for modern analysis theory based on Partial Credit Model (PCM). The results of the data analysis of the trial items indicate that of the five item questions, only 4 questions were fit with PCM. The reliability of the test instrument is 0.72, the level of difficulty of the items is in the range of 0.79 to 1.35. The information function and Standard Error Measurement (SEM) show that test items are developed reliably to measure the vector abilities of students with the average category in -1,6 < θ < +3,2 logit scale with SEM ± 0,5.
INTRODUCTION
Education is a means of improving the quality of human resources. Quality human resources prove that the level of education is quality (Baran, 2016) . Quality education begins with a learning program that is systematically arranged according to the applicable learning curriculum. A good learning program starts through the preparation of the right learning goals (Guney & Al, 2012) .
Learning is a process that occurs repeatedly where students are able to explore, discover and transform experiences that occur in the form of knowledge or a body knowledge (Suyono & Hariyanto, 2014) . The Republic of Indonesia Minister of Education and Culture Regulation Number 22 Year 2016 concerning Basic and Secondary Education Process Standards states that the learning process must be conducted interactively, inspiring, interesting, fun and challenging and can motivate students to actively participate. Learning is said to be successful if students can understand the material concepts that are taught very well (Georgiou & Sharma, 2015) . Learning activities require a systematic curriculum structure. The learning environment with structured pedagogical concepts, good curriculum design and a comfortable learning atmosphere can make students transform knowledge effectively (Guney & Al, 2012) .
Physics is a learning activity that has the purpose of developing logical abilities and inductive and deductive analysis of students using physics concepts so that they can solve problems (BSNP, 2006) . Physics focuses on qualitative or quantitative measurements in finding and discovering basic laws relating to phenomena and using them to develop theories (Serway R. & Jewett J., 2004) . Baran (2016) states that learning physics provides the ability for someone to solve problems (problem solving) in learning.
Problem solving is the most important basic element in physics learning (Docktor & Mestre, 2014) . Merriënboer (2013) suggested four stages of problem solving namely (1) studying the problems raised, (2) exploring and interpreting information with appropriate procedures, (3) looking for references that support to solve problems, (4) the process of trying to solve problems. Whereas according to Dostál (2015) , analyzing problem solving must consider several things such as the ability to see problems, perception of problems, ability to solve problems and problem solving strategies.
Problem solving strategies are very useful for solving problems in physics learning. Schoenfeld (2013) states that the process of finding a solution to a problem depends on the problem solving strategies used. The use of problem solving strategies must consider several things such as (1) identifying fundamental principles, (2) solving, and (3) checking (checking) (Gok, 2010) . Docktor & Mestre (2014) explains that problem solving can be solved by applying representation as a solution strategy.
Vector is one form of representation that plays an important role as a means to understand the concept of physics (Barniol & Zavala, 2014) . Vector is a basic concept in physics which is classified as difficult for students to understand (Maries & Singh, 2016) . Nguyen & Meltzer (2010) explained that understanding of vectors is an inhibiting factor for students in understanding physics concepts. Problems that are often experienced in understanding vector concepts include (1) drawing vectors and unit notations, (2) determining vector direction, (3) determining vector size, (4) vector addition, (5) vector reduction, (6) vector multiplication with scalar, (7) multiplication of dot between two vectors, and (8) multiplication of cross two vectors (Barniol & Zavala, 2014) . Wutchana, et al (2015) and Wutchana & Emarat (2011) explain that there are four aspects that must be considered in understanding the concept of vectors, including (1) knowing the quantity of vectors, (2) understanding that vectors can be moved with direction and magnitude the same, (3) knowing the sum of vectors by bringing together the ends and bases of the summed vectors, and (4) determining the resultant direction of the summed vector.
Understanding of vectors is determined by monitoring the process, progress and improvement of continuous learning outcomes so that an assessment is needed to measure the level of understanding of students' vectors. Educational assessment is the process of collecting and processing information to determine student learning outcomes (Minister of Education Regulation No. 20, 2007) . Assessment in the world of education can use two kinds of measurement theories, namely classical theory and modern theory. The use of classical measurement theory in Indonesia to analyze and estimate students' abilities is more desirable than modern measurement theory (Fajrianthi et al, 2016) . However, classical measurement theory has a weakness in its use. The disadvantages of classical measurement theory include the characteristics of test items such as the level of difficulty and the power of differences that depend on students (Persichitte, 2016) . Problems with classical measurement theory will have an impact on the level of ability of students that is difficult to know (Awopeju & Afolabi, 2016) . Problems that arise in classical measurement theory can be solved by applying modern measurement theory, namely the item response theory approach (Item Response Theory, IRT) (Baker, 2001 ).
Item Response Theory (IRT) is a modern measurement theory that has the advantage of being able to find out the abilities and scores of students and have a more complex measurement model (Persichitte, 2016) . DeMars (2010) explains that item response theory shows the relationship of ability or level trait measured using instruments and response points with a dichotomous or polytomus scoring model. The scoring model for dichotomous grains consists of: a) 1-PL model (Logistic Parameters) which emphasizes one parameter, namely the level of difficulty of the item, b) the 2-PL model which emphasizes two parameters, namely the level of grain difficulty and power difference, and c) the 3-PL model emphasizes three parameters, namely the level of difficulty of the item, different power and pseudo guessing (Mardapi, 2012) . Scoring models for politomus items that are often used include the Graded Response Model (GRM), Modified Graded Response Model (MGRM), and Partial Credit Model (PCM) (Aybek & Demirtasli, 2017) .
Partial Credit Model (PCM) is the development of a one-parameter logistic IRT model (1-PL) and is included in the Rasch model (Bacci et al, 2014) . PCM is a politomus scoring model that uses several categories to analyze responses to an instrument (Master, 1997) . For example, in a vector representation test instrument developed where the process for answering it requires several steps of completion. The Master in Linden (2016) explained that PCM is the easiest and most widely applied polytomus item scoring model to analyze tests and assessments such as measuring critical thinking skills, computer adaptive tests (CAT), measuring conceptual understanding in science and diagnosing mathematical errors. Grunert et al (2013) state that the PCM model is useful for knowing the level of conceptual understanding of students. The Partial Credit Model is an IRT analysis model that was developed with the aim of knowing the relationship of grain characteristics to the natural responses of students (ability or level trait). Fox & Bond (2015) states that PCM specifically combines the number of different response levels for different items on the same test which can combine dikotomous and politomous items. 
METHOD

Material
The steps to develop a test instrument follow the 4-D model which consists of: 1) Define (Defining Phase), 2) Design (Design Phase), 3) Develop (Development Phase), and 4) Disseminate (Distribution Stage). The defining stage includes: 1) determining the competency tested, 2) determining the material being tested, and 3) determining the indicator of vector representation. The design phase includes: 1) compiling the test grid and 2) arranging items according to vector representation indicators. The development phase includes: 1) validation of test items, 2) improvement of test items, and 3) preparation of scoring guidelines. The deployment phase includes: 1) the determination of the trial subject, 2) the implementation of the trial, and 3) the analysis of the results of the trial data. The stages of test development are presented in Figure 1 .
Figure 1. Steps for developing vector representation ability test instruments
The sample size used was 296 students. Fox & Bond (2015) stated that for analysis using the item response theory (IRT), a sample of between 30 and 300 people was used. While Reckase (2000) argues that the sample needed for analysis using 3-PL IRT which includes the level of difficulty, power difference and pseudoguessing is 300 people (Haladyna, 2004) . The sample of this study was all students of class XI of the Science specialization program consisting of 3 classes in each school selected using the random sampling method. The number of research subjects was 296 students with 17 years old in the XI MIA Class of academic year of 2018-2019. The schools used for the trial include: SHS 1 Batang, SHS 2 Batang and SHS 1 Bandar, Central Java, Indonesia. The empirical trial was carried out by determining schools in Batang Regency based on national exam scores in physics in 2018 which were in the low, medium and high categories. So that by using the PCM 1-PL model, 296 students were sufficient as subjects for empirical trials.
Data Analyses
Analysis of the data from empirical trials using PCM 1-PL for fit test items for vector representation ability tests. PCM is used to analyze test items that implement a number of completion steps. Consideration of the analysis using PCM, namely 1) can use a sample that is not too large compared to the calibration using the 2-PL logistic model and 3-PL, 2) the response characteristics of the items follow PCM. The analysis carried out includes: 1) Compatibility of vector representation test items, 2) reliability, 3) item characteristic curve, 4) item difficulty level, 5) item parameter estimation, 6) estimation of learners' abilities, 7) information function and standard error measurement (SEM).
Goodness of fit analysis is carried out to determine item compatibility with the partial credit model (PCM). Goodness of fit is analyzed by interpreting the average MNSQ INFIT value along with the standard deviation or the average INFIT value t along with the standard deviation (Adam & Khoo, 1996) . If the average INFIT MNSQ approaches 1.0 and the default deviation is 0.0 or the average INFIT t approaches 0.0 and the default deviation is 1.0 then the item is said to be fit with the model. The compatibility of the items with the model is known based on the INFIT MNSQ values in the range of values from 0.77 to 1.30 (Adam & Khoo, 1996) . This value if converted using a standard value of t is in the range of -2 to +2 (rounding from -1.96 to +1.96) with an error rate of 5% (Fox & Bond, 2015) . The item is said to be good if it has a level of difficulty from -2 to +2 units of logit (Hambleton & Swaminathan, 1985) .
The QUEST and PARSCALE 4 programs are used to analyze the results of the trial data. Scores obtained by students were analyzed using the QUEST program to determine the suitability of items for the PCM model and reliability. PARSCALE 4 program is used to analyze data to show parameters of item characteristics such as: 1) item characteristic curve, 2) item parameter estimation, 3) estimation of student ability, 4) information function and standard error measurement (SEM).
FINDINGS a. Results of Development of Vector Representation Ability Test
The test instruments developed amounted to 5 items in the description of momentum and impulse material. The test instrument was assessed for its feasibility by expert judgment before being used for the trial phase. Tables 1 and 2 show the distribution of test items the ability of vector representation and the results of validation expert judgment. The test instrument developed refers to vector representation indicators which are part of problem solving. Based on the Aiken's V analysis, the test instruments is qualified as valid instrument.
b. Match of the Goodness of Fit Test Item to the PCM Model
Overall testing of goodness of fit is done by analyzing the results of the trial test questions using the Quest program. Goodness of fit is tested according to the rules developed by Adam and Khoo (1996) by looking at the average value of INFIT MNSQ and its standard deviation or by observing the average value of INFIT t and its standard deviation. The test instrument is said to be fit with the 1-PL PCM model if the average INFIT MNSQ value is around 1.0 and the standard deviation is 0.0 or the INFIT average value is around 0.0 and the default deviation is 1.0. Table 3 shows item and test estimates from the vector representation ability test instrument. 
c. Reliability
Reliability obtained based on analysis using the QUEST program is 0.72. The reliability value obtained has a medium category. This reliability value indicates that the vector representation ability test instrument developed is qualified as good instrument.
d. Item Characteristic Curve
Item characteristics are indicated by item characteristic curve (ICC). Analysis to find out the ICC was used by the PARSCALE 4 program. The analysis carried out was obtained as many as 5 items characteristic curves. Figure 2 presents ICC item number 1. The ICC chart in Figure 2 shows the opportunity for students to answer test items based on their abilities. Opportunities for students working on item number 1 are as follows: 1) category 1 is , 2) category 2 is , 3) category 3 is , 4) category 4 is , 5) category 5 is . ICC for item number 1 contains information as follows: 1) category 1 mostly obtained by students who have ability -3.5 logit scale. 2) category 2 is mostly obtained by students who have the ability of -1.2 logit scale. 3) category 3 is mostly obtained by students who have a capability of 0.2 logit scale. 4) category 4 mostly obtained by students who have the ability of 1.5 logit scale. 5) category 5 is mostly obtained by students who have the ability of 3.5 logit scale.
e. Item Parameter Estimation
The estimated parameters of vector representation ability test items according to the PCM model are indicated by different difficulty levels for each item. Table 5 shows a summary of parameter estimates analyzed using the PARSCALE 4 program. The power estimation of different items is indicated by the SLOPE parameter which has an average value of 0.561. The level of difficulty of the item is indicated by the THRESHOLD parameter which has an average value of 0.804. The pseudo guessing parameter is shown by the GUESSING parameter which has a value of 0,000. Partial Credit Model (PCM) 1-PL refers to one parameter, namely the difficulty level of an item. Table 6 shows the difficulty level of each vector representation capability item for each score category in PCM. Table 6 shows that PCM measures the ability of students to work on test items based on the steps taken by dividing them into several categories. Each category has different difficulty levels for each item.
f. Estimated Ability of Learners
Estimating the level of ability of students is shown by the histogram. Figure 3 shows a histogram of students' vector representation abilities. Figure 3 shows that students' vector representation abilities follow a normal curve.
Figure 3. Histogram Estimated Vector Representation Capability
The histogram in Figure 3 can be interpreted by tabulating it into the frequency distribution table. Table 7 shows the interpretation of the ability of vector representation of students on a logit scale. The results of data interpretation based on Table 7 show that there are no students who have very low vector representation abilities. Table 7 shows that 1,57% has a very high vector representation capability, 15,78% has a high vector representation ability, 60,52% has medium vector representation capabilities and 22,10% has a low vector representation ability. The results of the study in Table 7 show that the ability of vector representation of students is in the average to very high category. 
g. Information Function and Standard Error Measurement (SEM)
Information functions and standard error measurement (SEM) were obtained based on analysis using the PARSCALE 4 program. Figure 4 shows a graph of total functions and SEM. The analysis results obtained intersection of information function lines and SEM lines at the point -1.6 up to +3.2 logit scale.
Figure 4. Information Function and Standard Error Measurement (SEM)
This value indicates that the vector representation ability test instrument that was developed reliably when tested on students with medium ability that is logit scale with SEM . These results indicate that the ability of vector representation of students is classified as medium.
RESULT, DISCUSSION, AND SUGGESTIONS
The test instruments developed amounted to 5 items in the description of momentum and impulse material. Test instruments are arranged and assembled in accordance with vector representation indicators which include: 1) describing vectors, 2) determining the magnitude and direction of vectors, 3) performing vector operations (addition, subtraction, dot product and cross product). The test instrument developed refers to vector representation indicators which are part of problem solving. Docktor & Mestre (2014) states that problem solving is an important strategy in solving physics problems. This is supported by the results of the Merriënboer (2013) study which suggested that there are four stages of problem solving namely (1) studying the problems raised, (2) exploring and interpreting information with appropriate procedures, (3) looking for references that support solving problems, ( 4) the process of trying to solve a problem. Vector representation indicators are developed with the aim of students being able to comprehend the concept as a whole so that they are able to apply it to solve physical problems, especially material momentum and impulses. Vector representation indicators developed include (1) drawing vectors and unit notations, (2) determining vector direction, (3) determining vector size, (4) vector addition, (5) vector reduction, (6) vector multiplication with scalar, ( 7) multiplication of dots between two vectors, and (8) cross multiplication of two vectors (Barniol & Zavala, 2014) . This indicator is synthesized into 3 indicators, namely 1) describing vectors, 2) determining the magnitude and direction of the vector, 3) carrying out vector operations (addition, subtraction, dot product and cross product). The test instrument was assessed for its feasibility by expert judgment before being used for the trial phase. The feasibility of the test instrument was assessed based on material aspects and empirical tests (Yadiannur & Supahar, 2017) . The results of the analysis of the material aspects using Aiken's V show that the test instruments developed are in the valid category. This is in accordance with the validation criteria according to Aiken's V (Aiken, L., 1985) which states that for 8 validators, items were declared valid if they obtained Aiken's V score ≥ 0.75.
Goodness of fit is tested according to the rules developed by Adam and Khoo (1996) by looking at the average value of INFIT MNSQ and its standard deviation or by observing the average value of INFIT t and Table 4 shows that the vector representation ability test items developed have MNSQ INFIT value ranges from 0.79 to 1.35. But, the item test number 5 who developed has an INFIT MNSQ value outside the range of acceptance of goodness of fit that is equal to 1.35. This value indicates that item number 5 is not in accordance with the PCM model so it needs to be repaired or discarded. Item number 1 to 4 has MNSQ INFIT value which is in the range of acceptance of goodness of fit so it can be concluded that the four test items are suitable and suitable for the partial credit model (PCM). These results are as stated by Adam & Khoo (1996) which states that items are declared fit to the model if they have MNSQ INFIT values in the range 0.77 to 1.30. This opinion is supported by Fox and Bond (2015) that good test items have a range of INFIT values from -2 to +2. Reliability obtained based on analysis using the QUEST program is 0.72. This value obtained that the reliability of test instrument has a medium category. This reliability value indicates that the vector representation ability test instrument developed can be used to make decisions about students (Suryabrata, 2002) .
Findings of the study shows that the item characteristics are indicated by item characteristic curve (ICC) in figure 2. Figure 2 presents ICC item number 1. The ICC chart in Figure 2 shows the opportunity for students to answer test items based on their abilities. Opportunities for students working on item number 1 are as follows: 1) category 1 is , 2) category 2 is , 3) category 3 is , 4) category 4 is , 5) category 5 is . ICC for item number 1 contains information as follows: 1) category 1 mostly obtained by students who have ability -3.5 logit scale. 2) category 2 is mostly obtained by students who have the ability of -1.2 logit scale. 3) category 3 is mostly obtained by students who have a capability of 0.2 logit scale. 4) category 4 mostly obtained by students who have the ability of 1.5 logit scale. 5) category 5 is mostly obtained by students who have the ability of 3.5 logit scale. Politomus data scoring using PCM 1-PL produces characteristic curves such as Figure 2 . This is as explained by Master (1999) that PCM is a politomus scoring model that uses several categories to analyze the response to an instrument. Politomus newspapers use partial credit divided into several categories. Categories are sorted from easy to difficult categories, namely 1,2,3,4,5. This result agrees with the research of Grunert, Raker, Murphy, & Holme (2013) which states that the use of partial credit which is divided into several categories gives a significant impact on the item being tested. The categories on PCM specifically combine the number of different response levels for different items on the same test which can combine dichotomous and politomous items (Fox & Bond, 2015) . The same thing is shown by Ayanwale (2018) that IRT approaches with PCM 1-PL in item analyze more better than (Classical Test Theory) CTT. Problems with classical test theory will have an impact on the level of ability of students that is difficult to know (Awopeju & Afolabi, 2016) .
The estimated parameters of vector representation ability test items according to the PCM model are indicated by different difficulty levels for each item. Partial Credit Model (PCM) 1-PL refers to one parameter, namely the difficulty level of an item. Findings of the study shows that the difficulty level of each item vector representation ability divide for each score category in PCM. PCM measures the ability of students to work on test items based on the steps taken by dividing them into several categories. Each category has different difficulty levels for each item. This result agrees with the research of Grunert et al (2013) which states that the use of partial credit which is divided into several categories gives a significant impact on the item being tested. The results of the research in Table 6 on the difficulty column show the difficulty level of each item. The difficulty value or the difficulty of the item is in the range of -2 to +2. This value is in accordance with the opinion of Fox & Bond (2015) which states that the level of difficulty for items with good categories is in the range of -2 to +2 (rounding from -1.96 to +1.96) with an error rate of 5%. Fox and Bond's opinion is supported by Hambleton & Swaminathan (1985) which shows that the item is said to be good if it has a difficulty level from -2 up to +2 logit scale.
Estimating the level of ability of students is shown by Figure 3 . Figure 3 shows a histogram of students' vector representation abilities. Table 7 shows the interpretation of the ability of vector representation of students on a logit scale based on histogram in Figure 3 . Table 7 shows that there are no students who have very low vector representation abilities. There are 1,57% students has a very high vector representation capability, 15,78% has a high vector representation ability, 60,52% has medium vector representation capabilities and 22,10% has a low vector representation ability. The results of the study in Table 7 show that the ability of vector representation of students is in the average to very high category. This proves that the vector representation ability test item developed is able to measure the level of ability of students. The results of this study agree with the Master's statement in Linden (2016) which explains that PCM is the easiest and most widely applied polytomus item scoring model to analyze tests and assessments such as measuring critical thinking skills, computer adaptive test (CAT), measuring conceptual understanding in science and diagnose mathematical errors. In addition, DeMars (2010) explains that the use of item response theory in assessment can show the relationship between ability or level trait measured using instruments and response items with dichotomous or polytomous scoring models. The same thing is shown by Diena (2019) that IRT can show relationship between ability measured using instruments with polytomous scoring models. Based on findings, IRT approach shown that vector representations ability of students in physics learning have a medium category. But, students are almost never drilled to apply vector representations test to solve problems in physics learning. So, the vector representations skill needs to be developed.
Findings of the study about information functions and standard error measurement (SEM) were obtained based on analysis using the PARSCALE 4 program. Figure 4 shows a graph of total functions and SEM. The analysis results obtained intersection of information function lines and SEM lines at the point -1.6 up to +3.2 logit scale. This value indicates that the vector representation ability test instrument that was developed reliably when tested on students with medium ability that is logit scale with SEM . These results indicate that the ability of vector representation of students is classified as medium. This agrees with the research of Maries & Singh (2016) which states that vectors are basic concepts in physics which are classified as difficult to understand by students. Whereas, Nguyen & Meltzer (2010) explained that understanding of vectors is a inhibiting factor for students in understanding the concepts of physics. But, students are almost never drilled to apply vector representations test to solve problems in physics learning. The results of the analysis in Figure 4 prove that the test instruments developed have a medium category for measuring the ability of vector representation of students. Thus, the vector representations skill needs to be developed.
